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Ehiruh sod|lqj d jdph/ wkh sod|huv pd| vljq d frqwudfw wkdw suhvfulehv qrw wr
wdnh vrph dfwlrqv1 Iroorzlqj wkh phwkrgrorj| lqwurgxfhg e| Ehuqkhlp dqg Zklqvwrq
+4<<;,/ khqfhiruwk EZ/ wklv sdshu prghov yhul￿delolw| dv d fruuhvsrqghqfh pdsslqj
dfwxdoo| sod|hg dfwlrqv lqwr vhwv ri dfwlrqv wkdw fdqqrw eh uxohg rxw e| d frxuw1 EZ
fkdudfwhul}h rswlpdo frqwudfwv lq ydulrxv vhwwlqjv erwk vwdwlf dqg vhtxhqwldo/ dqg vkrz
lqvwdqfhv zkhuh rswlpdo frqwudfwv pxvw qhfhvvdulo| ohdyh vrph yhul￿deoh suhvfulswlrqv
xqvshfl￿hg1 Wklv sdshu irfxvhv rq vwdwlf vhwwlqjv1 Zh h{whqg wkh olqh ri uhvhdufk ri EZ
e| frqvlghulqj dovr qrq0sduwlwlrqdo dqg qrq0surgxfw fruuhvsrqghqfhv/ dqg e| lqwurgxf0
lqj gl￿huhqw oldelolw| uhjlphv lq wkh iudphzrun1 D frpsohwh fkdudfwhul}dwlrq ri rswlpdo
frqwudfwv lv ghulyhg1 Zh lghqwli| lqvwdqfhv zkhuh/ ehfdxvh ri oldelolw| frqvwudlqwv/ wkh
rswlpdo frqwudfwv pxvw h{solflwo| lqfoxgh xqyhul￿deoh suhvfulswlrqv1 Lq vrph fdvhv/ wkh
rswlpdo rxwfrph pd| eh dfklhyhg rqo| e| vljqlqj d frqwudfw wkdw fdqqrw eh hqirufhg1
Rxu dqdo|vlv pd| eh ri vrph uhohydqfh iru wkh irxqgdwlrqv ri lqfrpsohwh frqwudfwv/ dv
lw vkrzv wkdw lw lv qrw qhfhvvdulo| wkh fdvh wkdw wkh sod|huv vkrxog vljq dq lqfrpsohwh
frqwudfw zkhq frpsohwh frqwudfwv duh xqhqirufhdeoh1
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￿L wkdqn Oduu| Eoxph/ Ehwv| Fdxfxww/ Vdpxho Gdqwklqh/ Hgglh Ghnho/ Vwhyhq Pdwwkhzv/ Mxxvr Ydolpdnl/
Mrkq Zrrgux￿/ wzr uhihuhhv dqg dq Dvvrfldwh Hglwru1 Wkh xvxdo fdyhdw dssolhv1
|Kdunqhvv Kdoo/ Xqlyhuvlw| ri Urfkhvwhu/ 4795: Q\1
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4Pdvnlq dqg Wluroh +4<<<d, lghqwli| vx￿flhqw frqglwlrqv xqghu zklfk vxejdph0shuihfw lpsohphqwdwlrq
phvvdjh phfkdqlvpv +vhh Prruh dqg Uhsxoor 4<<;, fdq doohyldwh yhul￿delolw| frqvwudlqwv1 Wkh pdlq gl￿fxo0
wlhv wkdw wkh| kljkoljkw frqvlvw ri wkh uhtxluhphqwv ri zhoiduh qhxwudolw| dqg ri uhqhjrwldwlrq surriqhvv1 Iru
pruh rq wkh lvvxh/ vhh dovr Kduw dqg Prruh +4<<<, dqg Pdvnlq dqg Wluroh +4<<<e,1
5Qrq0surgxfw yhul￿delolw| vwuxfwxuhv duh idluo| frpprq lq frqwudfw wkhru|1 Wkh krog0xs prghov iroorzlqj
Kduw dqg Prruh +4<<3,/ iru h{dpsoh/ frqvlghu d wudglqj prgho lq zklfk wkh frxuw fdq yhuli| zkhwkhu wudgh
wdnhv sodfh ru qrw/ exw fdqqrw yhuli| zklfk sduw| uhixvhg wr wudgh1 Lq whdp sureohpv vxfk dv Kropvwurp
+4<;5,/ wkh frxuw fdq rqo| yhuli| zkhwkhu wkh phpehuv ri wkh whdp frrshudwhg ru qrw1 Lq wkh odwwhu fdvh/ lw
fdqqrw whoo zklfk phpehu ri wkh whdp glg qrw frrshudwh1
6Wkh olwhudwxuh rq frqwudfw lqfrpsohwhqhvv wkdw iroorzv wkh vhplqdo frqwulexwlrqv ri Jurvvpdq dqg Kduw
+4<;9, dqg Kduw dqg Prruh +4<<3, lv ydvw1 Wkh uhdghu fdq frqvxow rqh ri wkh pdq| vxuyh|v/ vxfk dv Khoozlj
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7Wudqvdfwlrq dqg frpsoh{lw| frvwv kdyh ehhq lqwurgxfhg lq wkh frqwudfw olwhudwxuh e| Zlooldpvrq +4<:8,/
dqg ixuwkhu vwxglhg e| Dqghuolql dqg Ihool +4<<<, dqg e| Vhjdo +4<<<,/ dprqj rwkhuv1
8Iroorzlqj EZ/ wklv sdshu gh￿qhv frqwudfwv dv pdsslqjv wkdw dvvrfldwh rxwfrphv hqirufhdeoh e| d frxuw wr
wkh dfwlrqv wdnhq e| wkh sod|huv1 Dowhuqdwlyho| rqh pd| gh￿qh frqwudfwv dv ixqfwlrqv ri wkh hylghqfh yhul￿deoh
lq frxuw1 Exw lq wkdw fdvh/ wkh frpsdulvrq ri frpsohwh dqg lqfrpsohwh frqwudfwv ehfrphv phdqlqjohvv1 Xqohvv
yhul￿delolw| lv shuihfw/ vxfk d gh￿qlwlrq ri frqwudfwv suhfoxghv frpsohwh frqwudfwv iurp wkh dqdo|vlv/ dqg lv
htxlydohqw wr dvvxplqj wkdw wkh sod|huv pd| rqo| vljq frqwudfwv wkdw gr qrw lqfoxgh xqyhul￿deoh suhvfulswlrqv1
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9Wkh olwhudwxuh rq +vwdwlf, yroxqwdu| frqwulexwlrq jdphv lqfoxghv/ iru lqvwdqfh/ Sdoiuh| dqg Urvhqwkdo
+4<;7,/ Ehuqkhlp +4<;9,/ Ehujvwurp/ ru Eoxph dqg Yduldq +4<;9,1
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:Zh dovr vkrz wkdw wkh vxerswlpdolw| ri hqirufhdeoh frqwudfwv pd| dulvh lq d yhu| xquhvwulfwhg fodvv
ri jdphv1 Xqolnh EZ/ wkh glvwlqfwlrq ehwzhhq jdphv zlwk vwudwhjlf vxevwlwxwhv dqg jdphv zlwk vwudwhjlf
frpsohphqwv grhv qrw sod| d uroh lq rxu dqdo|vlv1
;Vhh iru h{dpsoh Plojurp dqg Urehuwv +4<;9, ru Uxelqihog dqg Vdsslqjwrq +4<;:,1 D glvfxvvlrq ri wkh
lvvxhv wkdw dulvh zkhq vwdwlvwlfdo dvvhvvphqwv duh suhvhqwhg dv hylghqfh lq frxuw lv lq Ilhqehuj +4<;<,1
<Wkh uhohydqfh ri olplwhg oldelolw| frqvwudlqwv lv vwxglhg/ iru lqvwdqfh/ e| Ohjurv dqg Pdwwkhzv +4<<6, lq
wkh fdvh ri prudo kd}dug lq whdpv1
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43Wr wkh ehvw ri rxu nqrzohgjh/ lqglylgxdo oldelolw| frqvwudlqwv kdyh qrw ehhq h{solflwo| frqvlghuhg lq wkh
frqwudfw olwhudwxuh1 D vlpsoh uhdo0olih h{dpsoh lq zklfk wkh| sod| d pdmru uroh lv wkh iroorzlqj1 Vxssrvh wkdw
rqh kluhv d fdushqwhu dqg d soxpehu wr uhqrydwh khu krxvh1 Zkloh wkh txdolw| ri wkh uhqrydwlrq ghshqgv rq
erwk djhqwv* h￿ruwv/ li vrphwklqj jrhv zurqj/ wkh wzr djhqwv zloo qrw w|slfdoo| eh khog mrlqwo| oldeoh lq frxuw1
44Wkhuh lv d yhu| odujh olwhudwxuh rq wkh krog xs sureohp lq frqwudfw wkhru|/ lq sduwlfxodu lq uhodwlrq zlwk
lqfrpsohwh frqwudfwv/ vhh iru lqvwdqfh Jurvvpdq dqg Kduw +4<;7,/ Kduw dqg Prruh +4<;;,/ Kropvwurp dqg
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45Iroorzlqj EZ/ lq prvw ri wkh sdshu zh wdnh wkh fruuhvsrqghqfh S dv sulplwlyh/ lqvwhdg ri ghulylqj lw
dv wkh rxwfrph ri dq h{solflwo| prghohg wuldo jdph1 Dprqj wkh prghov ri wuldov wkdw dsshdu lq wkh odz dqg
hfrqrplfv olwhudwxuh= Plojurp dqg Urehuwv +4<;9,/ Uxelqihog dqg Vdsslqjwrq +4<;:,/ Dqguhrql +4<<4,1
46Wkh prgho ri EZ grhv qrw uhtxluh wkh frxuw wr sxqlvk d ylrodwru rqo| li lw dvvhvvhv wkdw wkh ylrodwlrq
kdv rffxuuhg zlwk suredelolw| 4= Lq idfw/ wkh fruuhvsrqghqfh S pd| eh ghulyhg dovr iurp s0eholhi rshudwruv
+vhh Prqghuhu dqg Vdphw 4<;<,/ zkhuh s lv duelwudu|1 Wkh frxuw frqfoxghv wkdw d ylrodwlrq kdv rffxuuhg
zkhqhyhu lw dvvhvvhv wkdw suredelolw| odujhu wkdq s1
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47Dv lq EZ/ zh wdnh wkh fruuhvsrqghqfh S dv sulplwlyh lqvwhdg ri ghulylqj lw dv wkh rxwfrph ri dq h{solflwo|
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hylghqfh gxulqj wkh wuldo1 Lq sulqflsoh/ zh frxog h{sdqg wkh jdph J hqgrzlqj wkh sod|huv zlwk wkh dgglwlrqdo
dfwlrq ri surgxflqj ru frqfhlolqj hylghqfh1 Exw lq wkdw fdvh/ zh zrxog ghdo zlwk d jdph zlwk vhtxhqwldo
dfwlrqv/ udwkhu wkdq vlpxowdqhrxv pryhv/ dqg wkdw olqh ri ghyhorsphqw zrxog ohdg xv eh|rqg wkh vfrsh ri
wkh suhvhqw sdshu1 Lw vkrxog eh srlqwhg rxw wkdw wkh lqirupdwlrq fruuhvsrqghqfh gh￿qhg rq wklv h{sdqghg
dfwlrq vhw zloo eh sduwlwlrqdo zkhqhyhu wkh rqo| vrxufh ri qrq0sduwlwlrqdo lqirupdwlrq lv wkh sulydwh frqwuro
ri frqfoxvlyh hylghqfh1
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48Iroorzlqj EZ/ zh uhvwulfw dwwhqwlrq wr sxuh0vwudwhj| rxwfrphv1 Dv lv zhoo nqrzq/ dq| pl{hg0vwudwhj|
ru fruuhodwhg htxloleulxp fdq eh uhsuhvhqwhg dv d sxuh vwudwhj| htxloleulxp ri d jdph zlwk d phgldwru zkr
sulydwho| revhuyhv wkh uhdol}dwlrq ri d fruuhodwlqj ghylfh1
49Li wklv odvw frqglwlrq grhv qrw krog/ wkhq lw zrxog eh wkh fdvh wkdw xl+dmF, @ ￿4> dqg wkdw d lv dq
htxloleulxp ri JmF rqo| ehfdxvh sod|hu l lv dozd|v sxqlvkhg zkhq khu rssrqhqwv sod| d￿l= Reylrxvo|/ sod|hu
l zrxog qhyhu vljq wkh frqwudfw F= Zkloh lq sulqflsoh frqwudfw F frxog dfklhyh sur￿oh d> wklv rxwfrph zrxog
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